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This study investigated occupational exposure to silica dust of 48 workers in stone cutting, glass making, 
ceramic, and sand blasting plants in the north of Iran. Samples were collected from the breathing zone 
using a personal sampling pump and a size-selective cyclone. Sample ﬁ lters and blanks were analysed 
using infrared spectroscopy. The mean sampling period was 4.83 h. Mean exposure of workers to crystalline 
silica dust in glass making, ceramic, sand blasting, and stone cutting was 0.129 mg m-3, 0.169 mg m-3, 
0.313 mg m-3 and 0.318 mg m-3, respectively. As exposure at each of the workplaces is three to 12 times 
higher than the current national and international thresholds, these workers run a greater risk of lung cancer 
and mortality. Our ﬁ ndings call for speciﬁ c ventilation design and personal protection improvements in 
the four plants as well as stricter enforcement of the existing regulations by the authorities.
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Crystalline silica is a basic component of soil, sand, 
granite, and many other minerals, mainly in the form 
of quartz (silicon dioxide or SiO2) as the most common 
mineral in the continental crust. Quartz is almost 
always clear or white, and if found in crystals, always 
has a hexagonal cross-section. Chipped, cut, drilled, 
or ground, its particles may become respirable (1). 
There is a strong body of evidence for a causal 
relationship between exposure to crystalline silica and 
a range of diseases, including silicosis, lung cancer, 
renal disease, kidney cancer, chronic obstructive 
pulmonary disease (COPD), scleroderma, rheumatoid 
arthritis, polyarthritis, mixed connective tissue disease, 
systemic lupus erythematosus, Sjogren’s syndrome, 
polymyositis, ﬁ brositis, cor pulmonale, lymphatic 
cancers (leukaemia, lymphomas), stomach and/or 
gastrointestinal malignancies, dermatomyosistis, and 
glomerulonephritis (2-10). Exposure to crystalline 
silica dust also causes silica dust-associated tuberculosis 
(TB) in developing and in some high-income countries 
(11). There is a reliable relationship between 
cumulative silica dust exposure and increased 
mortality from lung cancer (12). This increase in lung 
cancer occurrence is independent of smoking (13).
The US National Institute for Occupational Safety 
and Health (NIOSH) has set the exposure limit to 
0.05 mg m-3 (for a 10-hour workday during a 40 hour 
week). The American Conference of Governmental 
Industrial Hygienists (ACGIH) has reduced this to the 
threshold limit value - time weighted average (TLV-
TWA) of 0.025 mg m-3 (14). Historically, until 1970 
analysis of collected crystalline silica samples was an 
integral part of hazard assessment. Prior to measurement 
of respirable crystalline silica particles, in North 
America silica dust was measured using the impinger 
method, and was compared with TLV expressed in 
140
millions of particles per cubic foot of air (15). In 1970, 
the gravimetric respirable dust standard still expressed 
the percentage of crystalline silica in the sample for 
use in the denominator of the TLV formula, which for 
respirable dust was 10 mg m-3 divided by the 
percentage of respirable quartz plus two and for total 
dust 30 mg m-3 divided by the percentage of quartz 
plus three. In addition to the gravimetric method for 
sampling respirable crystalline silica dust, X-ray 
diffraction (XRD), infrared (IR) and ultraviolet-visible 
spectrophotometry (UV-VIS) methods are applied to 
measure crystalline silica directly on a sampling ﬁ lter 
(16).
This article reports personal exposure to respirable 
silica particles in stone cutting, glass making, ceramic, 
and sand blasting industry workers in the Mazandaran 
province in the north of Iran. Exposure was determined 
from respirable particle samples collected on PVC 
filters using the Fourier transform infrared 
spectrophotometry (FT-IR).
MATERIALS AND METHODS
In this cross-sectional study we measured personal 
exposure of 48 randomly selected workers from four 
industrial sectors (12 per sector) at the following work 
places: two glass-making, two ceramic production, 
three sand–blasting, and two stone–cutting, all  located 
in the Mazandaran province of Iran. For the 
measurement we used personal sampling pumps 
(Apex Pro personal sampling pump, Casella, UK) to 
sample air through a size-selective cyclone (Respirable 
Dust Aluminum Cyclone, SKC, UK) at a ﬂ ow of 
2.5 L min-1 calibrated using a soap bubble meter. 
Respirable silica particles were collected on a 
polyvinyl chloride (PVC) ﬁ lter (37 mm, 5 μm pore 
size). Cyclone and ﬁ lter holders were placed in the 
workers’ breathing zone, with the cyclone inlet turned 
downward. Pump ﬂ ow rate was checked regularly by 
the operator to prevent any gross error during the 
sampling. As the sampling pumps had a built-in 
thermometer and barometer, we also recorded air 
temperature and atmospheric pressure throughout the 
sampling. To assess the volume of sampled air, we 
calculated the correction factor. A weighed blank ﬁ lter 
was submitted for each group of ﬁ lters and placed in 
a ﬁ lter cassette to assess the presence of factors that 
might interfere with the analysis of crystalline silica 
in the main sample. Sample ﬁ lters and blanks were 
analysed in the Mazandarn University of Medical 
Sciences laboratory using infrared spectroscopy 
(NIOSH method no. 7602) (17). To assess the 
calibration curve, standards of crystalline silica were 
prepared by mixing 1 μg, 1.5 μg, 3.5 μg, and 4 μg of 
crystalline silica with polyvinyl chloride ﬁ lters. Filter 
samples, standards, and blanks were washed with 9 % 
hydrochloric acid and burned in a mufﬂ e furnace at 
600 °C. Three hundred milligrams of dried KBr was 
added to the burned material in a porcelain dish and 
mixed thoroughly with a pestle. Mixed powder 
(sample and KBr) was then pressed into a pellet, and 
the pellet placed into the FT-IR (Perkin Elmer, Boston, 
USA). The validity of the method was tested in terms 
of coefﬁ cient of variation of triplicates of standard 
crystalline silica samples. For maximum sensitivity, 
absorbance of standards was measured at 800 cm-1 
wavelength, and samples were quantiﬁ ed according 
to the regression formula of standard samples.
Standard sampled air volume was calculated by 
multiplying mean air ﬂ ow with duration of sampling, 
atmospheric pressure and ambient temperature 
coefﬁ cients. Crystalline silica concentration in the 
workers’ breathing zone is expressed as crystalline 
silica mass per standard sampled air volume.
RESULTS AND DISCUSSION
In order to obtain calibration curves for crystalline 
silica, quartz samples of respirable range were used 
as the standard. The absorption at 800 cm-1 is generally 
accepted as the most suitable band for analytical peak 
measurement, which is due to the symmetrical bending 
vibration of Si-O-Si. Therefore, an ordinary calibration 
curve is expressed as the graph of absorbance at 800 
cm-1 vs. mass of quartz in a sample pellet, as shown 
in Figure 1. Mean sampling time was 4.83 h and 
ranged from 3.20 h to 6.20 h, depending on the 
Figure 1 Infrared calibration curve for the standard quartz 
peaks at 800 cm-1
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duration of workers’ activities. In determining the 
eight-hour TWA exposure we conservatively assumed 
that occupational exposure to dust equalled zero for 
the time other than sampling time. The resulting eight-
hour TWA was then compared with the TLV of 
0.025 mg m-3 mandated by ACGIH and recommended 
by the Iranian Technical Committee of Occupational 
Health under the term occupational exposure limit 
(OEL) (19).
Table 1 shows mean exposure of workers to 
crystalline silica dust in glass making, ceramic, sand 
blasting, and stone cutting. They are ﬁ ve to twelve 
times the TLV-TWA/OEL and increase in the following 
order: ceramic production, glass making, sand 
blasting, and stone cutting.
These ﬁ ndings are similar to those reported in other 
studies in Iran and other countries. Azari et al. (20) 
concluded that average occupational exposure of 
workers to crystalline silica in 10 industrial sectors in 
the east zone of Tehran ranged from 0.132 mg m-3 to 
0.343 mg m-3. The lowest mean exposure was reported 
for glass manufacturing and the highest for foundry 
operations. Freeman et al. (21) studied silica exposure 
at workplaces in the United States between 1980 and 
1992 and concluded that crystalline silica dust 
concentrations in industries such as glass and ceramic 
were higher than TLV. Another study carried out by 
Akbar-Khanzadeh and Brillhart (22) in the United 
States showed that 69 % of workers in concrete 
ﬁ nishing were overexposed to respirable crystalline 
silica dust. In Iran, Dehghan et al. (23) studied 
workers’ exposure to silica dust in glass factory and 
obtained similar results as in our study. Only at ﬁ ve 
workplaces in our study (one in ceramic industry and 
four in glass making industry) was the exposure lower 
than the TLV.
Sand blasting and stone cutting were performed in 
the open under the shade. Only 20 % of the stone 
cutting equipment used water jets to control silica dust. 
At the other three workplaces, however, no dust 
control system was in place. A disposable cellulose 
ﬁ lter was the only personal protective equipment used 
by workers in sand blasting and stone cutting. Glass 
was made traditionally in a hall (600 m2 of area, 6 m 
high) ventilated by a few fans and most of the workers 
did not use any protective equipment, save for mixer 
operators, who used disposable cellulose filters. 
Ceramic production was also run traditionally in a hall 
(500 m2 of area, 6 m high) ventilated by several wall-
fixed fans that did not reduce workers’ exposure 
because they were working near emission sources. 
Workers in this factory did not use any personal 
protection equipment. Poor dust control, ventilation, 
and personal protection are therefore the major issues 
in these work environments. The largest improvement 
in exposure control would be an effective ventilation 
system complemented with respirators.
Clearly, occupational exposure to crystalline silica 
in our study increases the risk of lung cancer and 
mortality among workers. The ﬁ rst step in reducing 
this risk is to assess it (24). The second is to upgrade 
industrial processes, design an effective ventilation 
system, and enforce the use of personal protective 
equipment. The designing and operation of a local 
exhaust ventilation system may cost about 25,000 to 
30,000 USD in the sand blasting and stone cutting 
factories and about 50,000 to 75,000 USD in the glass 
making and ceramic plants. All the four production 
plants are owned privately and the national 
Environmental Protection Agency should impose and 
enforce stricter regulations to control silica dust 
exposure.
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Table 1 Workers’ exposure to crystalline silica in four industrial sectors
Concentration of crystalline silica / mg m-3 Industrial sectorMax Min SD Mean
0.423 0.004 0.129 0.125 Glass making
0.254 0.003 0.065 0.169 Ceramic
0.753 0.125 0.181 0.313 Sand basting
0.597 0.071 0.122 0.318 Stone cutting
Reference TLV-TWA/OEL = 0.025 mg m-3
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Sažetak
PROFESIONALNA IZLOŽENOST RESPIRABILNIM ČESTICAMA KRISTALNOG SILICIJEVA 
DIOKSIDA U INDUSTRIJSKIH RADNIKA IRANSKE PROVINCIJE MAZANDARAN
Izmjerena je profesionalna izloženost prašini silicijeva dioksida u 48 radnika na rezanju kamena, proizvodnji 
stakla, proizvodnji keramike i pjeskarenju na sjeveru Irana. Uzorci su uzeti u zoni disanja s pomoću osobne 
pumpe i ciklona podešenog na odgovarajuću veličinu čestica. Filtri s uzorcima i slijepi uzorci analizirani 
su infracrvenom spektroskopijom. Srednje vrijeme uzorkovanja iznosilo je 4,83 h. Srednja razina izloženosti 
radnika prašinama kristalnog silicijeva dioksida iznosila je 0,129 mg m-3 u proizvodnji stakla, 0,169 mg 
m-3 u proizvodnji keramike, 0,313 mg m-3 u pogonu za pjeskarenje te 0,318 mg m-3 u pogonu za rezanje 
kamena. Budući da je ovakva izloženost na svim radnim mjestima tri do dvanaest puta viša od trenutačnih 
državnih i međunarodnih ograničenja, ovi su radnici izloženi povećanom riziku od raka pluća i smrtnosti. 
Naši rezultati potvrđuju potrebu za posebnim ventilacijskim sustavima i poboljšanom osobnom zaštitom 
u sva četiri pogona te za strožom provedbom postojećih zakonskih odredbi od strane nadležnih tijela.
KLJUČNE RIJEČI: pjeskarenje, proizvodnja stakla, rezanje kamena
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